hand, growing evidence also supports the simple view of mitochondria as passive structures, acted upon by model, mitochondria are seen as passive containers that can be made to leak out cytotoxic proteins. In proteins that permeabilize the outer membrane to release apoptogenic proteins. other scenarios, however, certain more or less familiar aspects of mitochondrial physiology, such as oxidative A challenge we now face is to determine which of these various proposed mechanisms are employed in phosphorylation, generation of oxygen radicals, dynamic morphological rearrangements, calcium overspecific cellular contexts, bearing in mind that in some settings several mechanisms could occur in parallel. load, and permeability transition, are proposed to play crucial roles. In this review, we examine a few promisThus, one of our highest priorities must now be to tease apart apoptotic pathways by selective loss-of-function ing mechanisms that have been gaining attention recently. 
). that are also dependent on energy, in the form of a potential across the inner membrane. In fact, all the Electron transport is carried out in the mitochondrial inner membrane through a series of membrane-embedproteins known to be released during the induction of cell death (e.g., cytochrome c, AIF, and Smac/DIABLO) ded proteins ( Figure 3 ) that communicate via several smaller molecules, the lipid-soluble ubiquinone, and the are originally imported from the cytosol. Interestingly, cells lacking mitochondrial DNA still contain mitochonwater-soluble protein cytochrome c. Both these molecules are players in aspects of programmed cell death. dria that maintain a membrane potential and protein import function, even though they cannot carry out oxiWhile the inner membrane is only permeable to ions via specific carrier systems, the mitochondria also possess dative phosphorylation.
It was recognized early on that apoptotic death was an outer membrane that is readily permeable to small charged molecules because it contains pores formed an energy-dependent process, and might be inhibited, rather than promoted, in the absence of a significant by the protein VDAC (voltage-dependent anion channel, or porin). Normally, the outer membrane is not permelevel of mitochondrial function. Therefore, the situation is not as simple as implied by many mitochondrial disable to proteins that reside in the intermembrane space, such as cytochrome c. ease states, where deprivation of energy in the longer term is the key to destruction, perhaps by necrotic as Electrons derived from foodstuffs are fed into the respiratory chain at a high potential energy through the well as apoptotic mechanisms. But how much energy is required for apoptosis? And can low energy, in the NADH:ubiquinone oxidoreductase (complex I) or via FADH 2 -containing enzymes in the inner membrane such short term, be a stimulus for apoptotic cell death? Answers to these questions have eluded us, mainly beas succinate dehydrogenase (complex II) and glycerolphosphate dehydrogenase. The electrons are passed cause our ability to quantify and time-resolve mitochondrial activities inside a cell are not yet as sophisticated sequentially to ubiquinone, cytochrome bc 1 , cytochrome c, and ultimately delivered to oxygen, the final as we might wish.
It is evident that the loss of cytochrome c, an essential electron sink, via cytochrome c oxidase. The potential energy of the electrons is converted into a charge gradiplayer in the respiratory chain, can inhibit the electron In apoptosis, coincident with the permeabilization of trate the profound inhomogeneity of certain mitochon- 
